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1I . INTRODUCTION
Cores are separate sand masses included in the mold to accomplish 
shapes that would be impossible or d iff icu lt  to obtain with a normal 
simple mold cavity.
For example a core made for a pipe casting is  expected, f ir s t ,  
to support it s e l f  when placed in the mold and also withstand handling 
at room temperature. Second, it  should withstand, fo r  a short time, 
the high temperature of molten metal. Last, it  should possess the 
a b ility , to completely lose its  strength just a fter the metal around 
it  has completely so lid ified .
Until recently cores for  castings were made using o i l  bonded 
sands, with an oxidizable o i l  such as linseed o i l  acting as the bond­
ing agent. With the discovery of sodium s ilica te  solution as a binder 
fo r  core sand, the process of core-mabing in the foundry industry has 
undergone a radical change. This process is  referred to as the 'darbon 
dioxide-sodium s ilica te  process' of core-making.
The main problem confronting the 'carbon dioxide-sodium s ilica te  
process' is  the lack of co lla p sib ility  o f the core when used at high 
temperatures (1 ).
The sp ecific  problem o f promoting co lla p sib ility  in sodium 
s ilica te  bonded cores has been studied by Mr. R« G. Liptai, who 
received his M.S. Degree in Mechanical Engineering in May, 1960.
2He tried various additives with a basic mix of sodium s ilica te  solu­
tion and sand, and has obtained some very useful results.
In reviewing the work done by Mr, R, G, Liptai regarding the use 
of various additives in varying proportions, it  has been found that 
three of the additives yielded satisfactory results throughout the 
entire temperature range from 1200°F -  1800°F, It was in this range 
that collap sib ility  of the sodium silica te  bonded core was poorest.
The three additives were calcium fluoride, magnesium oxide and magne­
sium carbonate.
The object o f my thesis is to find out the most economical addi­
tion of magnesium carbonate to give the desired co llapsib ility  in cores 
for different simulated pouring temperatures.
3I I . REVIEW OF LITERATURE
A. HISTORY
Although the exact origin of the carbon dioxide sodium s ilica te  
process remains unknown, the claim of invention has been laid  by two 
British chemists, Hargreaves and Poulson, who file d  a patent in the 
year 1898 (2 ).
Some of the early articles about the carbon dioxide-sodium silica te  
process which were published in 1951 claim the process had been in use 
for  the past decade on a commercial basis in Russia. A more recent 
article  on the same was published in 1955 in the Foundry Trade Journal, 
May 26, by a British foundryman, A. Talbot. It was presented in various 
branch meetings of the Institute of British Foundrymen along with dis­
cussions about the pros and cons o f the process making i t  quite plain 
that the process had been accepted as a production technique fo r  some 
time in Britain.
When the process was fir s t  introduced into Great Britain various 
obstacles had to be overcome before establishment of it  as a sound 
production method. None of these offered any major d ifficu lt ie s  and it  
appeared that there were no major limitations to the process. However, 
i t  would perhaps be of interest to mention how these obstacles were 
overcome„
a) Sands mixed with the silicate-base binders have a tendency to
air harden to varying degrees, This has been overcome by storing the 
sand either in closed hoppers or in drums, or sometimes covering the 
sand with moist sacking.
b) It was observed that when the sand was hardened in the core box 
or with the patterrt in position, it  was quite d ifficu lt  to strip , partic­
ularly when there was a deep draw. Much o f this d ifficu lty  might be 
overcome by rapping the core box or pattern prior to hardening the sand, 
as with conventional practice. A ll boxes with a deep draw should be 
collapsible and patterns should have a generous taper with no undercuts.
D, V, Atterton, when stating the limitations of the carbon dioxide- 
sodium silica te  process on page 3 of his paper, said that "Early d i f f i ­
culties with stripping, often using poor pattern equipment, led to the 
popular but fallacious be lie f that the sand actually expanded on gassing. 
However, dilatometric experiments failed to show any expansion and the 
sand appeared to be volume stable on hardening,"
He also states that "Where a poor quality pattern has to be used, 
it  is  preferable to use a modified s ilica te  binder producing- good green 
strength so that the pattern may be stripped in the green state and the 
sand then hardened."
The two remaining d ifficu lties  that were experienced were:
£) The freezing of values on C02 cylinders and liqu ifiers  
and
d) Inferior co llapsib ility .
5The f ir s t  of these -was quite successfully solved by introducing a 
variety of valves and reservoirs. The problem o f promoting co llap sib ility  
-was partially solved by using modified binders, suitable additions to the 
sand, hollow cores, etc.
The theory of the process which had been accepted until now was 
that the formation o f s ilica  gel was produced by the decomposition of 
the alkaline s ilica te . The chemical equation which represented this 
reaction was as follows:
Na2Si0g«aq + CO2  = SiC^.aq + Na2C0g
But now there is considerable evidence to show that this represen­
tation was very much an oversimplification and in many ways proved in­
correct.
The mechanism of the bonding reaction stated above has been 
thoroughly investigated by two other foundrymen of Great Britain by 
the name3of R, F. Boddey and F. Ravault (2 ). The investigations 
carried out by these foundrymen have led to the development o f the 
binder used in conjunction with the experiments carried out by Mr. D.
V. Atterton and his colleagues. The theory on which the composition 
is  primarily based is as follow s: The main constituents in most alka­
lin e  s ilica tes  was probably the metasilicate ^ad d is ilica te . It was 
observed that these s ilica tes  at normal concentrations were ionized 
into Ha + H + and SiOg-ions.
There was a probability that the s ilica te  ions were large and 
complex and their complexity increased as the s il ica  content of the 
s ilica te  increased. Much evidence has been gathered to show that they
6exist in the foim of micelles which are actually aggregates of a large 
number o f simple ions together with an appreciable number of water molecules.
Two theories regarding the bonding reaction of the sodium silica te  
have been put forward. One theory puts forth the suggestion that with 
carbon dioxide, the water molecules foimed between molecules of s i l i c ic  
acid are eliminated by condensation followed by the chain formation 
of siliceous materials which link and enmesh together producing a rigid 
gel.
The other theory puts forth the suggestion that an aggregate forma­
tion of siliceous particles occurred with a formation which was essen­
t ia lly  hydrated cristobalite . The latter theory has been proved to 
be more conclusive in that the patterns shown by X-ray d iffraction  of 
the centers of freshly formed s ilica  gels consisted essentially of 
crystalline cristobalite . It has been further suggested that the 
centers of the s ilica  gels could not grow because the viscosity had 
increased to such an extent as to prevent the free migration of ions or 
molecules. The increase in viscosity was due to the in itia l formation 
of crystals. Consequently, it  might be understood that, although ini­
t ia lly  the decomposition of silica tes took place rapidly, with the re­
action rate decreasing rapidly as it  proceeded on.
The characteristic increase in viscosity of s ilica tes  on reaction 
with carbon-dioxide is illustrated in Fig. I . (2) The results as in 
Fig. I .  were obtained by passing diluted carbon dioxide through the 
binder. It  has been shown that in itia lly  the silica te  ions are stable to 
small quantities of weak electrolyte such as carbonic acid. However, with 
the content of the electrolyte increased to the c r it ica l point, the solvated
7P ercentage Carbon  Dioxide in Binder
Fig  1, Visco sity  of Sodium Silicate 
Vs Percentage Carbon Dioxide in B inder- ^ )
8layer surrounding s ilica te  ions was removed partially to enable the dis­
charge of the s ilica te  ions by carbon dioxide, followed by the foimation 
o f s ilica  ge l. The longer the time of in jection of the carbon dioxide 
gas, the greater was the amount o f s ilica  gel foimed until the viscosity 
increase was so great as to prevent further reaction.
Several interesting points arise, i f  one were to consider the bonding 
reaction in the sands bonded with sodium s ilica te  and carbon dioxide. The 
in itia l rapid hardening of the sand compacts on treating with carbon di­
oxide was due to the early foimation of s il ica  gel followed by the thicken­
ing of the binder. The viscosites obtained as a result of the treatment 
with the gas proved that the binder film could be considered as a solid  
rather than as a liquid.
Analyses have been carried out on sand compacts which show that at 
an early stage o f gassing a l i t t le  over 50% o f the binder had reacted 
with the gas, and that further treatment with excessive quantities of 
gas only led to the slight increase in the amount of decomposed binder 
due to the viscosity inhibiting ion migration and reaction. However, 
the strength imparted to the core in the early stages was sufficient so 
that i t  could be easily handled and used for casting immediately.
Investigations carried out in both the laboratory and the foundry 
have shown that cores subject to excessive treatment with carbon dioxide 
resulted in the deterioration o f the core on standing; this phenomenon 
was referred to as "overgassing" and was generally characterized by 
whitish crystals appearing on the surface of the core. (2)
There is further evidence to show that the whitish crystals which
9appeared on the surface o f the core were crystals o f sodium bicarbonate. 
It  has not been clearly established as yet as to whether it  was due to 
the i l l  e ffects  o f "overgassing" or was purely coincidental. However, 
formation o f the whitish crystals on the core surface provided a useful 
indicator fo r  the onset o f "overgassing".
The cause o f "overgassing" could in a ll  probability be due to the 
breakdown of s i l i c a  gel which had been produced by the in it ia l treatment 
o f the binder with carbon dioxide. Again i t  was observed that the 
strength and p la stic ity  of s il ic a  gels was dependent to a great extent 
on their water content, showing in turn that moisture free  gel was weak 
and b r it t le . The water to s il ic a  ratio which had been thereafter, 
established by experimental work was 621 for  maximum strength properties. 
The final explanation of the e ffect o f "overgassing" resulted in the loss 
o f water from the gel and could possibly be due to one or more o f the 
following three mechanisms:
a) The flow of CO2  gas over the gel speeded up the 
loss o f moisture by evaporation.
b) The precipitation of the hydrated sodium crystals 
took place simultaneously with the decomposition 
o f the binder.
c) The dehydration o f the s il ica  gel contributed the 
necessary amount o f water fo r  the formation of 
sodium bicarbonate crystals.
Experiments prove that six identical cores on being individually 
gassed from periods of 15 seconds up to 360 seconds (stages being 15, 30,
10
45, 60, 180 and 360) showed marked differences on standing for eight days. 
The last two cores which were gassed for  180 seconds and 360 seconds re­
spectively showed deterioration indicating that the deterioration was the 
result of"overgassing"
Gassing time, sec 0 15 30 45 60 180 360
CO2  content, % 0.01 0,350 0.338 0.357 0.388 0.450 0„412+
Na2C0g, % _______ 0.640 0.660 0.615 0.570 0,490 0,380
NaBCOg, % 0.050 0.100 0.170 0.220 0.350 0.390
% binder reacted 57% 62% 62% 65% 65% 65%
+N„B. % binder low in sand.
TABLE I -  Chemical Analysis Of Cores Gassed For Varying
Periods of Time -  (2)
The results in Table I were achieved by adjusting the composition 
o f the binder to suit the different gassing periods.
The compressive strength o f sands, assumed to be dry, cold and free 
o f clay were in the order o f 200 to 300 psi soon a fter gassing. This range 
o f compressive strength was obtained on cores subject to a gassing time 
less than one minute. Figure 2. But under favorable conditions the com­
pressive strengths o f these cores increased to a maximum o f 700 psi on 
standing fo r  several days in nomnal foundry atmosphere. This clearly 
shows that when comparing the compressive strengths o f the CC>2 -  sodium 
s ilica te  bonded cores with that o f o il  bonded and resin bonded cores, 
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s ilica te  bonded core, certainly had the required strength.
Only when dealing with centrifugal castings would one need cores 
having compressive strengths on the order of 1000 psi to accomplish 
a sound casting. The lavish use of C02 gas was put to an end when the 
effects of 'bvergassincf had been established.
It has been observed in most instances that in a sodium silica te  
bonded core that had been correctly gassed the rate of increase in 
strength which was rapid in the beginning continued to gradually in­
crease even after 14 days, see Figure 3. This is one o f the advantages 
claimed in favor of the carbon dioxide -  sodium s ilica te  process with 
regard to storage of the s ilica te  bonded cores.
As more time went by there were new instances occurring where 
even correctly gassed cores showed marked deterioration on standing.
The reason for deterioration taking place was primarily due to the 
action of sulfurous atmosphere on the s ilica te  bonded cores inducing 
a quality of fr ia b ility  in the white deposit foimed. The tendency 
when a s ilica te  bonded core was stored in such an atmosphere was to 
absorb sulfur dioxide. Although the exact mechanism was not clear, i t  
was understood that sulfurous acid, being a much stronger acid than 
carbonic acid was easily able to displace carbon dioxide from the 
gassed core and also react with the undecomposed binder. This re­
sulted in the foimation of sodium su lfite  which quite rapidly oxidized 
to sod ium sulfate during subsequent exposure to a ir as in Table II .
13
F»o. 3 .  V a«»atiom or C om m cw ivk  S t* in « tm or
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CORE A CORE B
Exterior Interior Exterior Interior
Surface Surface Surface Surface
% C02 0.215 0.300 0.300 0.290
% S04 0.315 0.025 0.015 0.015
Very f fia b le  Hard and very sa tis-
core factory core
TABLE II—Absorption of Sulphur Dioxide by Gassed Cores
There was a great deal mentioned as regards the influence of sand 
impurities which appreciably altered the hardened strength obtained and 
resulted in the fr ia b ility  o f cores particularly on standing. The two 
main properties that were considered deleterious were moisture and 
active clays such as bentonites and to a lesser extent, ball clays.
Figure 4a indicates the in it ia l hardened strengths and the strengths 
o f the s ilica te  bonded cores developed on standing influenced by the 
presence of moisture. It might be noticed that there was no drastic 
reduction in the in it ia l set strength where small amounts o f moisture 
were present; but that there was a decrease in strength in the cores 
which were le ft  to stand fo r  a few days causing them to  become friab le  
and unusable. It is of interest to note that the cores did eventually 
begin to pick up again in strength a fter having been le f t  to stand for  a 
week; this no doubt was the result o f the evaporation o f the water pre­
sent in the core helping the residual binder to thicken up.
In addition to the above e ffect the presence of water in the sand 
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The presence o f active clays also caused similar deterioration in 
strength properties. Figure 4b shows the highly detrimental e ffect of 
small quantities o f bentonite and sim ilar, although much less drastic, 
results are obtained with clays o f the b a ll and f ir e  clay type, Figure 4c. 
Consequently the introduction of small quantities of ba ll clay in the 
sand up to about one per cent was moderately satisfactory when i t  was 
desired to develop green strength; however, the conclusion is  that ben­
tonite should never be used for this purpose,
B. INFLUENCE OF SAND GRADING ON HARDENED STRENGTH
As was found necessary with a ll  binders sand grading was also 
found quite necessary in the carbon dioxide-sodium s ilica te  process in 
determining both the hardened strength and the minimum binder addition 
necessary to impart satisfactory strength properties fo r  foundry usage,
A high percentage of binder (such as 5% to 7%) becomes necessary when the 
percentage o f fines in the sand is large. Otherwise, there is  a tendency 
fo r  cores and molds having a high per cent o f fines in the sand used to 
be fr ia b le .
With coarse sands binder percentages as low as 2 to 3 per cent 
impart satisfactory strength to cores and molds. However i t  is  found 
that fo r  a majority o f core and molding sands an optimum binder content 
o f  4 per cent is  necessary.
The variation in strength of cores using optimum additions of
binder have been investigated, with gassing time being kept constant.
Figure 5 gives a series o f results for fin e , medium and coarse sands.






















Fig  5 . Variation of Compressive Strength 
of Sand W ith Sodtum Silicate 
B inder  C o n t e n t  -  (2 .)
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then the curves would not show a strength reduction at higher binder 
percentages; however, the gassing time used in this series of experiments 
on different sands (sands with different grain fineness numbers) is 
supposed to be the one adopted in practice. Figure 6 shows that there is 
a moderately good relationship existing between the optimum binder con­
tents and the American Foundrymen* s Society grain fineness number of the 
sand.
C. EFFECT OF SAND TEMPERATOKE
There is a tendency fo r  hot sand to cause a certain amount o f pre­
mature hardening and develop a certain amount o f green strength thereby 
becoming unworkable. The premature hardening is due to the sodium 
s ilica te  solution drying up with increase in temperature. This brings 
about accelerated drying with an accelerated foimation of s il ic a  gel 
which results in a poorly bonded structure, therefore, cold sand is 
recommended for this process.
D. SURFACE FINISH
When carrying out the early tr ia ls  o f the carbon dioxide-sodium 
s ilica te  process on the foundry flo o r , considerable variation in surface 
finish o f castings: was observed. The two main variables which had con­
siderable influence apart from the fineness of the sand appeared to be 
the type o f metal and the section thickness of casting.
With light alloys, the surface finish that was obtained with 
s ilica te  binders was considered equivalent to the surface fin ish  ob­
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1100°F which, is prevalent mostly in light a lloy  castings, there is  no 
chemical reaction whatsoever occurring between the sand and the binder, 
so the surface fin ish  is a direct function of the sand-grain size and 
the degree of ramming. Foundrymen resorted to the use of mica or ta lc  
where a superior fin ish  for a light alloy casting was necessary.
When temperatures exceed the value o f 1475°F, the residual binder 
and sodium carbonate began to react and sinter with the sand. Such 
sintering action increased in extent as temperature was increased and 
generally end#d up with an increase in the size of pores between the 
sand grains at the mold or core surface which fina lly  resulted in an 
increase in metal penetration. The general problem o f metal penetration 
has been gradually overcome by a variety o f techniques.
Conventional foundry sand practice has been that with an increase 
in fineness of CO2  -  s ilica te  bonded sand the foundryman is  able to 
obtain an approved surface fin ish . It is  common practice now to add 
carbonaceous material to the sand in order to improve surface finish of 
copper alloy  castings and iron castings. These have been employed with 
considerable advantage in the carbon dioxide process. Typical carbona­
ceous additions used with 002 sands are coal dust, pelletted  pitch, wood 
flou r, asphalt, o i l  and graphite. Coal dust and wood flou r have a ten­
dency to produce fr ia b ility  in cores and molds with the foimer causing a 
good deal of inconvenience to foundry workers by giving o f f  a moderate 
amount of fume.
Pelletted pitch however imparts slightly  improved strength properties 
particularly with regard to edge hardness o f cores. The tests using this
21
additive show that i t  is  more e ffic ien t on a percentage basis in producing 
a good surface fin ish  and an addition o f 2 per cent gives a surface com­
parable to that obtained with 6% coal dust„ In addition to the beneficial 
e ffe ct  of pitch on sand properties, there is  a reduced amount o f fume com­
pared to coal dust. Among the carbonaceous additives one is relatively more 
expensive than the others and that is graphite. It may or may not give a 
suitable surface finish to the casting and gives o f f  a reduced amount o f gas
E. EFFECTS OF TEMPERATURE ON CARBON DIOXIDE-SODIUM SILICATE SAND
Figure 7 shows a series of curves of sand compacts containing vaiying 
amounts o f the binder used throughout Atterton's investigations. This 
variation in binder content along with certain sp ecific  additions made to 
the sand mix helped in promoting co lla p s ib ility . I t  may be seen in both 
cases where 3.5 per cent and 4 per cent binder has been used that the 
strength o f the sand varies markedly with temperature. (2) The strength 
o f the sand containing 4 per cent binder on heating to about 212°F shows 
a marked increase leading to compressive strengths o f the order o f 1200 
p s i. Further heating brings about a steady decrease in strength down to 
a value o f 100 psi and the sand becomes completely collapsib le  in the 
range of light a lloy  castings and remains so until heated to about 1600°F 
when the strength gradually begins to increase due to  the partial sin­
tering o f the binder. This increase in strength due to the sintering of 
the binder can be considerably reduced by the use o f suitable additives 
in the mixture.
F. DISCUSSION OF THE USE OF ADDITIVES
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strength as suggested by the following hypothesis: (12)
1. Carbonaceous additives such as pelletted  pitch or seacoal, 
v o la tiliz e  at elevated temperatures especially  in the range of 
1500°F to 1800°F.
2. Decomposition o f the sodium s ilica te  binder taking place with 
the use o f  such additives as mentioned above.
Either or both of these reactions taking place at the temperature 
o f  1500°F and over, tend to disintegrate the whole mass thereby reducing 
the residual bonding strength.
The necessary additions of carbonaceous materials made fo r  obtaining 
satisfactory co lla p s ib ility  are the same which are required for  obtaining 
a satisfactory surface fin ish . For example, the addition of pelletted  
pitch on the order of 1 to 2 per cent was found to be e ffective  in the 
f ie ld  of application o f copper base a lloy  and gray iron castings. But, 
higher additions o f the same tend to impair co lla p s ib ility  particularly 
in the center of large block cores or with thin section castings when the 
pitch is  not burned out and binds the sand grains together.
It has been suggested by D. V. Atterton that additions o f fluorspar 
or calcium fluoride are most beneficial in breaking down the bond structure 
formed. Experiments and practical tests have shown that by using calcium 
fluoride o f high purity, appreciable improvement in the f ie ld  o f collapai- 
b i l i t y  has been achieved.
D. Y. Atterton has referred to the paper presented by Schumacher
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(3) wherein, "He has extended the type o f  curve illu s tra te d  in Figure 7 
and has shown that a fte r  about 2192°F, the strength o f the sand again 
begins to  decrease and he has suggested that th is  is  responsible fo r  
the good knockout properties obtained with s te e l and where certa in ly  no 
additions have been found generally necessaiy with th is  m etal".
The most popular additions employed fo r  th is  process in Great 
B rita in  are p e lle t te d  p itch  up to  2 per cent and coal dust up to 6 per 
cent. This is  generally  essen tia l w ith copper-base a llo y  and iron 
castings o f any appreciable th ickness, With lig h t  a lloy s  that are 
e ith er sand cast or d ie  cast and where s p e c i f ic  d i f f i c u l t ie s  o f  c o l ­
la p s ib i l i t y  are encountered, one^half to one per cent o f  graphite is  
recommended, but it s  in fluence appears to  be due to  i t s  flak e  structure 
weakening any residual bond a fte r  castin g  rather than to  any chemical 
in tera ction .
For s te e l, with no add itives, c o l la p s ib i l i t y  is  on a par with con­
ventional s te e l o i l  bonded core sand and the general appearance o f  a 
core on removal is  a sin tered  or fused layer o f  sand adjacent to  the 
metal surface with in te r io r  layers o f  the core co lla p s in g  read ily  
in to  e ith er  grains or small lumps o f  sand.
G. SCHUMACHER'S METHODS OF PROMOTING COLLAPSIBILITY
According to  the a r t ic le  presented by Dr, W. Schumacher (3) 
h is  observations and views run concurrently with those made by D. V. 
A tterton : where the sand strength was high, sa t is fa c to ry  co lla p s i­
b i l i t y  could only be achieved by using su itab le  add itives with the
sand mix
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Secondly, he recommends the use o f carbonaceous additives such 
as asphalt, seacoal and other organic substances in order to reduce 
the sand strength at high temperature. This helps in reducing the 
cleaning time o f  castings,
Schumacher suggests a third way o f increasing co lla p s ib ility  
in CO2  -  sodium -silicate sand cores by introducing a certain number 
o f test cores in a furnace and maintaining the temperature at 1200°C 
and then subjecting a few of the test cores to rapid cooling and 
cooling the rest slowly over a period of 24 hours. He shows with 
the aid o f a diagram, a comparison of the two different sand strengths 
in the high temperature region: the strengths obtained by rapid 
cooling are considerably lower than the strengths obtained by slow 
cooling over a 24 hour period. He indicates by this (Figure 9) (3) 
that when a casting is  cooled as rapidly as is  practical there is a 
p ossib ility  o f  achieving an increased co lla p s ib ility  in the core.
By earlier experiments it  has been established that on increasing 
the binder content fo r  a sand with a known grain fineness number the 
strength o f the sand could be increased. It  has also been observed 
that the opposite is  also possible and that is  by decreasing the 
binder content for the same sand, the strength of the sand could be 
decreased. A ll these help a great deal in reducing the cleaning time 
of castings.
According to W. Schumacher there are four possible ways of 
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1) By using not too  f in e  a sand so that the binder content 
need not be over 4%.
2) By not increasing binder content beyond that which is  re­
quired fo r  a tta in in g  maximum strength, as determined in 
advance.
3.) By coo lin g  castings as rap id ly  as is  p ra c t ica l without 
developing cracks o r  any other thermal fa ilu re s  in the 
castin g .
4) By adding wood f lo u r  or other such substances (meaning 
organic substances) that w il l  promote c o l la p s ib i l i t y ,
H. VARIOUS EXPERIMENTAL OBSERVATIONS
The paper presented by J . E. Gotheridge and F, Pursall (4) 
sta tes  that by using a clean dry, clay  fre e  co ld  s i l i c a  sand a 
compression strength o f  200 -  300 p s i was a tta in ed  with a short 
gassing time from one-half to  one minute. This strength is  re ferred  
to as the in i t ia l  set and i s  obtained by the displacement o f  s i l i c a  
g e l .  As the length o f the gassing time is  increased (above 1 minute 
and more) further s i l i c a  g e l is  d isp laced  u n til  the carbon d ioxide 
d isperses and the concentration o f  gas is  the same both inside o f  
the core and ou tsid e . The carbon d ioxide in  the atmosphere furthers 
the hardening process to com pletion.
As has been mentioned e a r lie r  with re feren ce to the paper 
presented by D, V. A tterton  that when excess ive ly  long gassing times 
are u t i l iz e d  to  promote high in i t ia l  set strength , cores w il l  
d e ter io ra te  on standing. Therefore in order to  achieve sa tis fa cto ry
resu lts  during production, o f  cores and molds, i t  i s  advisable that 
the cores and molds be s l ig h t ly  undergassed. It  has already been 
observed that the strength r ise s  rap id ly  on standing.
The paper presented by Walter Gruver (5) shows that with a 
gassing time o f  11 seconds a strength o f  15 pounds per square inch 
shear has been obtained. This low strength so obtained indicated  
that there was s t i l l  a large amount o f  unreacted sodium s i l i c a t e  
l e f t  to  form glassy s i l i c a t e  during baking. This has been con­
firm ed when the strength atta ined  a ft e r  baking was 220 pounds per 
square inch shear.
The nature o f reaction  o f sodium s i l i c a t e  w ith respect to  gassing 
time has now been established  by various experimenters that as the 
gassing time is  increased, the gassed strength increases due to 
a more complete reaction  o f the sodium s i l i c a t e  w ith the carbon 
d iox id e . I t  has been c le a r ly  noted experim entally that the strength 
a fte r  baking is  decreased showing thereby that there is  le ss  un­
reacted  sodium s i l i c a t e  remaining to  form glassy  s i l i c a t e  which con­
tr ib u tes  to  the strength during baking. Figure 6 as i l lu s tra te d  
by D. V. A tterton , shows the same resu lts  as were la te r  il lu s tra te d  
in  G otheridge's paper (4) that fo r  a medium sand f o r  core production 
an optimum binder content o f  4% gave the best resu lts  on experimenta­
t io n  and in  general foundry usage.
Figure 5 as i l lu s tr a te d  by D. V. A tterton  shows the same as was
la te r  obtained in Gotherodge's paper (4) that w ith a range o f  sands 
o f  various fin en esses, maximum strength was obtained with a certa in  
binder a d d ition . For example, a medium sand requiring 4% binder 
add ition  a tta in s a strength between 200 and 300 p s i .
W u lff 's  paper (6) confirms a l l  three b a s ic  reactions that take 
p la ce , as per Figure 10, namely the cond ition  o f  hardening obtained 
by 1) introduction  to  CO2  2) by evaporation wherein the author has 
used nitrogen gas to  i l lu s t r a te  the e f fe c t  o f  m oisture evaporation 
over a short gassing time o f  12 seconds where the strength r ises  
to a maximum and then lev e ls  o f f  3) by su b jectin g  specimens to  a 
temperature o f  about 300°F (thermal hardening) when the specimen 
attained i t s  maximum strength. He gives a lso  the same ty p ica l 
curve diagram of strength varia tion  with temperature as already 
given by I>. V . A tterton and Dr. W. Sdhumacher. 4) by (chemical 
hardening) wherein he p laced  unhardened specimens in  an atmosphere 
o f  100% re la tiv e  humidity, showing that no reaction  (resu ltin g  in 
hardening) took p la ce  between the binder and the sand even a fte r  
several weeks.
N estor's  paper (7) puts forward the theory that the steady 
lo s s  in strength and hardness s ta rtin g  at a temperature o f  500°F 
and going on up to  a temperature o f  1250°F might be due to  the begin­
ning o f  fu sion  o f the sodium s i l i c a t e  and the form ation o f g la ss . 
Therefore by adding carbonaceous m aterials such as seacoal or 
molasses to  the b a s ic  sand mix, one can retard  the continuous film  
o f  glass on the sand gra ins.
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At a h igher temperature o f  1500°F the retarding e f fe c t  o f  seacoal 
and molasses on being destroyed, is  com pletely put to  an end, and 
the fu sion  o f  the sodium s i l i c a t e  proceeds rap id ly . Strength and 
hardness o f  the specimen starts  to  increase almost t o  the point 
obtained at 230°F, As the temperature increases up to  2000°F and 
above the sodium s i l i c a t e  forms in to  g lobu les , no longer a ctin g  as a 
bond between the sand gra in s, resu ltin g  in a decrease in  strength and 
hardness o f  the specimen.
The use o f  carbonaceous add itives (p itch , seacoa l, wood flo u r  
and the l ik e )  suggested by D« V, A tterton and Dr, W, Schumacher f o r  
promoting c o l la p s ib i l i t y  la te r  became an accepted p ra ct ice  with 
Gotheridge and Pursall (4 ) ,  Gruver (5 ) , Lange and Morey (8 ) ,  Morey 
and Lange {9 )#  the only d iffe ren ce  being that sugar in d iffe re n t 
forms -was a ls o  t r ie d  and th is  has gained in  p op u larity . I t  is  
claimed that the sugars a ct as hygroscopic agents, supplying bonding 
strength themselves, o f fs e t t in g  the loss in  strength that frequently  
occurs with straight sodium s i l i c a t e  and excessive gassing.
The other add itives suggested by Gotheridge and Pursall (4) 
are asphalt, charcoal, high-grade flu orsp a r, c la ys  and dextrin es. 
These have y ie ld ed  varying degrees o f  su ccess .
R. J , Cowles' paper (1) a lso  suggests the use o f invert sugar 
using d iffe re n t  sugar additions with binders having d iffe re n t  
com positions. He has tr ie d  out a combination o f  2 per cent sugar 
w ith 4 per cent o f  a coarse 90 to  14Q mesh s i l i c a  f lo u r  fo r  a
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binder com position o f 1 .1  per cent -which has y ie ld ed  fa ir ly  sa tis ­
fa cto ry  re su lts . By conducting experiments along the same lin es  
he has shown that adding 2 per cent iron  oxide and 1/2 per cent -water 
promoted the c o l la p s ib i l i t y  a ls o .
I .  BASIC REACTIONS
I t  is  by con tro llin g  the ba sic  reactions as i l lu s tr a te d  in 
Figure 10 that one can achieve varying degrees o f  success with the 
carbon dioxide-sodium  s i l i c a t e  p rocess.
In the f i r s t  rea ction , namely w ith carbon d iox ide  hardening a 
gassing time o f  15 seconds brought about the best resu lts  as per 
Figure 2 (2 ) ,  g iving an ultim ate compresive strength o f  (100-150 
p s i ) .
The second reaction  shows the e f fe c t  o f  evaporation hardening 
on the specimens, on being stored  (p eriod  between gassing and pouring) 
in  an atmosphere with moderately high re la t iv e  humidity o f  62% (6 ). They 
atta ined  an ultim ate compressive strength o f  (300-400 p s i)  a fte r  a 
p eriod  o f  24 hours. Figure 3.
The th ird  reaction  shows that compressive strengths in  the order o f  
750—1000 p s i are achieved on specimens being subjected  to  temperatures 
1500°F and above.
The fourth and f i f t h  reactions show the e f fe c t  o f  elevated  tem­
peratures o f  1250°F, 1500°F and 1800°F on gassed specimens. The
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strengths o f  specimen are medium (175 p s i) in  the temperature in terva l 
o f  1250°F* and are very high (775 to  1000 p s i )  in  the temperature 
in terva ls  o f  1500°F,* and 1800°F (2000 p s i ) .
*As per experimental evaluation (Table I I I )
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III ,, SUMMARY OF RESULTS OBTAINED BY R. G. LIPTAI
Mention has been made e a r lie r  about the work carried  out by Mr.
R« G„ L iptai in  connection with the carbon d iox id e  -  frodium s i l i c a t e  
process. The problem o f  promoting c o l la p s ib i l i t y  in  the cores made by 
the process was investigated  by him with a fa ir  amount o f  success by 
using d iffe re n t  additives mentioned in previous l ite ra tu re . The resu lts 
that he obtained are as found in Table I I I .
Test evolved by Mr. R. G. L iptai in  order to  rate and c la s s ify  
c o l la p s ib i l i t y  was as fo llow s :
1. Acceptable c o l l a p s i b i l i t y ----------------------  250-350 p s i compression
2. Poor c o l l a p s i b i l i t y --------------------------------- 350-450 p s i compression
3. Poorer c o l la p s ib i l i t y  acceptable
with moderate to extreme d i f f i c u lt y  ----- 450-2000 p si compression
4. Extremely poor c o l la p s ib i l i t y  
usually experienced at temperatures
in  the v ic in ity  o f  1800° F ---------------------- Oyer 2000 p si compression
At th is  stage i t  would be best to  explain how and why the co llap s­
i b i l i t y  o f  a sample core was rated at rocan temperature. A sample core 
was f i r s t  made using the basic sand mix (the d e ta ils  o f  which sh a ll be 
given la te r )  „ A pre-determined amount o f  the mix is  introduced in to  a 
two inch diameter specimen tube which when compacted three times by a 
14 pound rammer g ives a two-inch high specimen. The specimen is  then 
stripped from the tube, gassed with carbon d iox ide and placed on an 
asbestos sheet. S im ilarly nine other specimens are made and gassed
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NAME OF TEMPERATURE INTERVALS
ADDITIVE 1250°F 1500°F 1800°F REMARKS
B asic Sand
Mix
Acceptable S lig h tly  




E ntirely  composed o f  
w hitish cry sta ls  at 
1800°F
Clay U nsatisfactory as an A dd itive Poor Surface 
Conditions
Sugar Excellent E xcellent R e la tiv e ly
good
Prevents rapid 
gassing e f fe c t  o f  
C09 and rapid re­





A cceptable R ela tive ly
Poor
E xcellent M oldabil— 
it y  with d i f f i c u l t  
strip p in g  a problem
Dextrine & 
Dextrose




E xcellent Surface 
Conditions
Sea, co a l, 
p itch
Carbon b lack  
Graphite
Good Good S lig h tly  
le s s  than 
A cceptable
E xcellent M oldabil­
i t y  and Surface 
fin is h
Iron Oxide Acceptable S lig h tly
Less
Very Poor Prevents metal 
penetration  and re­
tards core cracks
Calcium Oxide Poor surface fin is h  
and M oldability  
U nstab iliz in g  e f fe c t s  
on the c r i t i c a l  water 




Acceptable c o l la p s ib i l  ity in  the f u l l  temperature range
Magnesium
Carbonate
Good c o l la p s ib i l i t y  in  the f u l l  temperature range with ade­
quate gassed strength, good surface f in is h  and m oldab ility
Magnesium Acceptable c o l la p s ib i l i t y in the fu l l temperature range
Oxide
TABLE I I I  EXPERIMENTAL EVALUATION OF ADDITIVES
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in d iv id u a lly  and placed alongside the f i r s t  one. The asbestos sheet with 
the ten specimens is  next introduced in to a furnace, previously  brought 
to  a temperature o f  1250°F, 1500°F or 1800°F and maintained fo r  ten 
minutes. The furnace is  next switched o f f  and the specimens are l e f t  
overnight to  coo l in the furnace. The specimens are supposed to  be under 
simulated conditions (temperature-wise) as in the foundiy. I f  these 
specimens were removed from the furnace immediately a fte r  a tta in ing such 
high temperatures as 1250°F; they would be sub ject to  thermal shock 
fa ilu re s  produced by the steep temperature gradient o f  over 1000°F,
The specimens are removed the next day and mounted one by one on 
a metal base and placed d ire c t ly  under the compression head o f the D ietert 
Universal Sand Testing Machine, The load is  then applied  on each o f  the 
specimens in  turn and the In tensity  o f  stress is  d ir e c t ly  read o f f  on the 
sca le  attached to the machine. The rating and c la s s i f ic a t io n  o f  co lla p s— 
i b i l i t y  ( in  terms o f  ultim ate compressive s tress ) is  as mentioned b e fo re .
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IV. DESCRIPTION OF WORK CARRIED OUT IN THE LABORATORY
With many t r ia ls  regarding the carbon d iox ide  process haying been 
conducted, new techniques have been adopted, and many fa c to rs  -which a f fe c t  
the process have been estab lish ed . With the help o f  the resu lts 
obtained by R. G. L ip ta i in  connection with the promotion o f c o l la p s ib i l i t y  
in  the sodium s i l i c a t e  sand core , i t  is  my o b je c t  in  th is  th esis  to  f in d  
out the most economical add ition  o f  magnesium carbonate to  the b a s ic  mix 
in order to  bring about the desired  c o l la p s ib i l i t y  in a core  specimen.
While doing so, most o f  the fa cto rs  a f fe c t in g  the carbon d iox ide process 
have to  be kept constant, and w i l l  be d iscussed  as fo llo w s :
A. SODIUM SILICATE
The sodium s i l i c a t e  used f o r  th is  in v estig a tion  is  the one which is  
most un iversa lly  used on account o f  i t s  good re a c t iv ity  w ith the carbon 
d iox ide  gas which produces adequate gassed strength , some green strength 
and fa i r ly  good f lo w a b il ity . I ts  s p e c if ic a t io n  and p rop erties  are as 
fo l lo w s : wRUjr type with an a lk a li  to  s i l i c a  ra t io  o f 1 : 2.40 and 52 
degrees Baumfe. (Supplied by Philadelphia Quartz C o .)
B. SAND GRAIN SIZE
As was mentioned prev iously  in  th is  th es is  a sand with an American 
Foundrymen's S ocie ty  grain finen ess number o f  71 was used because i t  
represents a general purpose core  sand.
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FIGURE 11. MULLER
FIGURE 12. SPECIMEN TUBE AND RAMMER FIGURE 13. GASSING SET-UP
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FIGURE 14. RESISTANCE FURNACE
FIGURE 15. DIETERT UNIVERSAL SAND TESTING MACHINE
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C. SODIUM SILICATE CONTENT
Figure 6 shows the good re la tion sh ip  between the American Foundry- 
man S ociety  grain fineness number o f  the sand and the optimum binder 
content necessary. A binder content o f  4 per cent o f  the to ta l weight 
o f  sand was found necessary fo r  a fineness number o f 71.
D. MIXING TIME AND METHOD
A laboratory m uller, Figure 11, was used and the mixing time 
necessary was found to  vary from f iv e  to  ten minutes depending on the 
percentage o f  a d d itive  (magnesium carbonate) used (0.25% to  1.25% and 
1.5% by w eight) .
E. STANDARD COMPRESSIVE SAND SPECIMEN
A standard two inch diameter compressive sand specimen was used to 
evaluate the c o l la p s ib i l i t y  o f  the co re . These specimens were prepared 
by weighing 0.35 pounds or  160 grams o f  the sand mix on a laboratory 
balance, tran sferrin g  the contents to  a specimen tube, and sub jectin g  
the contents each time to  three blows o f a standard fourteen pound 
rammer. Figure 12.
F. GASSING TIME AND PRESSURE
On reviewing most o f  the lite ra tu re  on the carbon d ioxide process, 
the suggested gassing time and pressure was f i f t e e n  seconds and f i f t e e n  




In order to simulate foundry conditions which ex ist during pouring, a 
baking time o f  ten minutes fo r  each set o f  specimens treated  at individual 
temperature in terva ls o f 1250°F and 1500°F was established . The cores were 
then allowed to coo l in the furnace thus helping to  prevent thermal shock 
fa ilu r e s . Figure 14.
H. EXPERIMENTAL EVALUATION
A standard laboratory p ra ctice  was fo llow ed , varying the percentage 
o f add itive  (magnesium carbonate) fo r  each mix.
The sand, sodium s i l i c a t e  and the a d d itive  were weighed out to the 
nearest 0„01 pound on a laboratory balance with the sand alone weighing 
eleven pounds and the sodium s i l i c a t e  fo r  each mix being four per cent 
(o f  eleven pounds).
The f i r s t  set o f f i f t e e n  specimens were made from a mix containing 
eleven pounds o f  sand, four per cent sodium s i l i c a te  (4% o f  weight o f  
sand) and 0.25% o f  magnesium carbonate by weight (0.25% o f  weight o f  
sand).
The sand and the d iy  add itive  (magnesium carbonate) was f i r s t  
mixed fo r  one minute. Sodium s i l i c a te  was next added slowly and uni— 
foim ly to  the en tire  mixture. The to ta l time fo r  m ulling was ten minutes. 
A predetermined quantity o f the mix was introduced in to  a specimen tube 
o f  2 inch diameter as has been mentioned e a r lie r  and was compacted three 
times by a fourteen pound rammer. The specimen was then stripped from 
the tube, gassed with carbon dioxide fo r  f i f t e e n  seconds at a pressure 
o f  f i f t e e n  pounds per square inch using a rubber connection with a hood
from a gas cy lin der and f in a l ly  tested  in the D ietert Universal Sand 
T esting Machine, Figure 15, with the ultim ate compressive strength read 
d ir e c t ly  on a sca le  attached to  the machine. S im ilarly  fou r other speci­
mens are made, gassed and tested . The average ultim ate compressive 
strength o f  the f iv e  specimens is  then ca lcu la ted . Ten more specimens 
are made in  the same manner, the d iffe ren ce  being that these ten are 
p laced on an asbestos sheet and introduced in to the e le c t r ic  resistance 
m uffle furnace which is  already heated to  a temperature o f  1250°F. The 
temperature o f  1250°F is  th erea fter maintained fo r  ten minutes and the 
furnace is  switched o f f  with the specimens le f t  to  coo l overnight. The 
next day, the specimens are removed from the furnace and tested  in com­
pression .
Sim ilar tests  are conducted on specimens with varying percentages 
o f  add itive  by weight (0 .5 , 0 .75, 1 .0 , 1.25 and 1.5% o f the to ta l weight 
o f  sand taken). As be fore , the same amount o f sand (eleven pounds) and 
the same percentage (4%) o f binder is  used.
I .  RESULTS
Results o f both the gassed specimens and the specimens that were 
gassed and furnace treated  are tabulated fo r  each set o f  f i f t e e n  speci­
mens fo r  temperatures o f  1250°F and 1500°F, Figure 16 and Figure 17.





The specimens which were made as described e a r lie r  with varying 
percentages of magnesium carbonate (from 0.25% to  1.257o and 1.5%) 
exh ib ited , a fte r  furnace treatment, fa ir ly  acceptable c o l la p s ib i l i t y  
a fte r  treatment at the temperatures o f 1250°F and 1500°F.
At a temperature o f  1250°F, an addition  o f 0.25% magnesium car­
bonate showed the best resu ltin g  c o l la p s ib i l i t y  and surface cond itions, 
in  sp ite  o f  the fa c t  that there was a general trend fo r  the ultim ate 
compressive strength to increase up to a maximum of 425 p si fo r  a one 
percent addition  o f  magnesium carbonate and to decrease thereafter more 
steep ly  to  a value o f 155 p s i fo r  a 1.5% addition  o f magnesium carbonate, 
in  stages of 0.25% fo r  each set o f  f i f t e e n  specimens. Since the tem­
perature o f 1250°F is  fa r  below that o f  fusion  o f the mix, there is  
s u ff ic ie n t  binder film  around each sand grain to  provide adequate 
residual strength to the s i l i c a t e  bond which was in the order o f  170 
p si fo r  an addition  o f 0.25% magnesium carbonate. As the amount o f  
add itive  was increased, the mix reacted more com pletely because the 
sodium s i l i c a t e  so lu tion  was taken up by the increased surface area 
o f the dry m aterials, consequently increasing the residual bonding 
strength (ultim ate compressive strength ). From th is  therefore i t  could 
be seen that the most economical addition  o f magnesium carbonate was 
0.25%.
At a treatment temperature o f 1500°F where the fusion point o f
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the binding m aterials has been reached, the residual bonding strength 
was higher in the specimens having an addition  o f  0,25% magnesium 
carbonate than fo r  the specimens having an addition  o f  0.5%, 0,75%,
1.0%, and 1.25% magnesium carbonate. This ind icates c lea r ly  that 
when more add itive is  used, the surface area o f  the dry m aterials 
consequently increases, decreasing the e f fe c t  o f  fusion  o f the binding 
m aterials and bringing about a reduction in the residual bonding 
strength. The most economical add ition  o f magnesium carbonate to pro­
mote c o l la p s ib i l i t y  would appear to  be in the order o f  one percent which 
would g ive  a residual bonding strength o f  about 185 p s i .
Per Cent GASSED STRENGTH OF SAMPLES WITHOUT FURNACE 
Additive TREATMENT (COMPRESSIVE STRENGTErPSl)
1 2 3 4 5 Av.
0.25% 158 187 203 188 143 1 74 .5
0.50% 132 140 128 113 145 131,6
0.75% 108 104 100 115 85 1 0 2 .4
1.00%
•
101 121 90 135 104 110 .2
1.25% 144 118 123 152 83 1 24 .0
1.50% 76 68 55 61 55 6 3 .0
TABLE IV VARIATION IN GASSED 
STRENGTH WITH PER CENT ADDITIVE
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Per Cent ULTIMATE COMPRESSIVE STRENGTH OF SAMPLE SPECIMENS AT A
A dditive TEMPERATURE OF 1250°F (PSI)
1 2 3 4 5 6 7 8 9 10 Av.
0.25% 124 182 163 198 176 172 155 177 190 200 183.7
0.50% 250 292 261 299 287 240 288 292 285 256 275,0
0.75% 270 300 272 432 452 495 443 429 432 313 383.8
1.00% 474 342 459 378 361 481 339 447 437 382 410.0
1.25% 344 420 263 290 297 326 376 375 425 308 342.4
1.50% 127 135 165 142 207 190 169 143 135 131 154.4
TABLE V VARIATION IN ULTIMATE COMPRESSIVE STRENGTH 
WITH PER CENT ADDITIVE FOR A TEMPERATURE OF 1250°F
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Per Cent ULTIMATE COMPRESSIVE STRENGTH OF SAMPLE SPECIMENS AT A
Additive TEMPERATURE OF 1500°F (PSI)
1 2 3 4 5 6 7 8 9 10 Av,
0.25% 785 792 785 754 785 757 792 789 778 773 779.0
0.50% 589 620 596 578 614 593 491 488 439 425 583.3
0.75% 368 361 295 333 272 358 287 334 336 316 326.0
1.00% 166 196 176 186 196 208 184 186 180 172 185,0
1.25% 65 73.2 68.5 78 108 118 107 100 98.3 91 90.7
TABLE VI VARIATION IN ULTIMATE COMPRESSIVE STRENGTH 
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